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Abstract
Modiﬁcation to jets in high-energy heavy-ion collisions is expected to depend on the ﬂavor of the
fragmenting parton. To disentangle this ﬂavor dependence, jets from heavy quark fragmentation
are identiﬁed for the ﬁrst time in heavy-ion collisions. Jets are ﬁrst tagged by their secondary
vertices and the contribution from bottom quarks is extracted using template ﬁts to their sec-
ondary mass distribution. The bottom quark jet to inclusive jet ratio is measured with the CMS
detector in PbPb and pp collisions at a center-of-mass energy of 2.76 TeV per nucleon. The b-jet
fraction is measured in the range of 80 < jet pT < 200 GeV/c in PbPb collisions and found to lie
in the range of 2.9-3.5% ± 0.6-1.1% depending on jet pT . The measured values for PbPb and
pp are comparable, within uncertainties, to those predicted by simulation. The measurement is a
promising method to study b-quark energy loss. Improved statistics should allow to make a more
precise comparison between light and b-quark quenching.
1. Introduction
1A list of members of the CMS Collaboration and acknowledgements can be found at the end of this issue.
The b-tagging algorithms in CMS rely mainly on the long lifetime, high mass and large
momentum fraction of the b-hadrons produced in b-quark jets. The lifetime of the b-quark
( cτ∼ 500 μm ) is large enough to be used as a tag to identify b-jet events. The excellent spatial
resolution of the inner tracker allows for clear identiﬁcation of displaced vertices. The vertex
resolution of the CMS tracker is on the order of 50 - 100 μm.
The quenching of jets in heavy-ion collisions is expected to depend on the ﬂavor of the
initiating parton, models [1] suggest that energy loss should depend on the mass of the parton.
Collisional energy loss and gluon radiation are the main mechanisms through which fast partons
loose energy. Gluon bremsstrahlung oﬀ a heavy quark is what is known as the ‘dead cone eﬀect’.
The kinematics of the system restrict the phase-space in which the radiation of gluons from a
heavy quark can occur. The suppression is along the direction of propagation. The reduction in
the available phase-space for gluon radiation translates into a lesser quenching for jets originating
from heavy quarks than for lighter quarks jets [2].
2. b-Tagging algorithm
s = 2.76 TeV with the CMS detector
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3. b-Tagging Performance
b-jet efficiency
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Figure 1: Light-jet mis-tag rate as a function of b-tagging
eﬃciency for the SSVHE and JP taggers. The SSVHE per-
formance is shown with open green squares and solid pink
markers show the JP tagger.
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Figure 2: SV mass distributions of template ﬁts from
tagged sample compared to data. The stacked histogram
shows the contribution of the usdg-jets (top) in blue, c-jets
(middle) in green, and b-jets (bottom) in red.
The b-tagging sequence is initiated with the reconstruction of the primary vertex (PV) of
the event. Once the PV is found, the tracks that are not compatible with it, are used in the
search of secondary vertices (SV). Several tagging algorithms have been developed and used
for b-identiﬁcation in proton-proton collisions, more details can be found in [6]. From the after-
mentioned algorithms, two are used in this analysis, the Simple Secondary Vertex High Eﬃciency
(SSVHE) and the Jet Probability (JP) algorithm. The SSVHE is a simple and robust algorithm
that relies on the 3D decay length signiﬁcance, which is the distance between the PV and the SV
normalized by its uncertainty. The JP is used as a cross check, it is a more eﬃcient and complex
algorithm which is based on large impact parameter tracks. The performance of a tagger can
be studied by comparing the b-jet tagging eﬃciency with the light-jet rejection power. Figure 1
shows the performance of the SSVHE tagger in green (open squares) and JP in pink (solid circles)
in a pythia + hydjet [3, 4] simulation. The working point for this analysis is marked with the
red cross, it is set to have a light-jet rejection of 1/100 which yields a b-jet tagging eﬃciency of
∼45 %.
4. Template ﬁts
The b-jet contribution is obtained from template ﬁts of the tagged sample. The ﬁts are done
to the SV mass distributions. The SV mass is calculated as the invariant mass of all the charged
tracks pointing to the displaced vertex, using a pion mass assumption. Figure 2 shows the SV
mass distribution of the tagged sample for the 80 < jet pT < 100 GeV/c range. The data is
shown in black (solid circles), the b-jet contribution is shown in the red histogram, the c-jet in
green and the light-jet in blue, each with statistical error bars. Using maximum log likelihood ﬁts
the contribution from b-jet and non-b-jets is obtained. The ratio of jets originating from charm
to jets originating from light quarks is set by input simulations. The χ2/NDF indicates a good
agreement between data and the template ﬁts.
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The SSVHE b-tagging eﬃciency is obtained with a data-driven method using the template ﬁts
and making use of the JP tagger, which has a tagging eﬃciency of ∼98 %. The SSVHE tagging
purity, estimated to be ∼30 %, is also calculated with a data-driven method, and cross-checked
directly with simulation, further details can be found in [5].
5. Results
partN
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Figure 3: b-jet fraction as a function of number of participants compared to a pythia + hydjet simulation
The b-jet fraction is deﬁned as the ratio of the number of b-jets to the number of inclusive
jets, and is found to be ∼3%. Figure 3 shows the b-jet fraction as a function of number of
participants (Npart). The data is shown in black markers (solid circles), with statistical error bars.
The systematic uncertainties are shown as yellow boxes. The expectation from a pythia + hydjet
simulation is shown with a red line. The data agrees, within uncertainties, with simulation as a
function of centrality.
The b-jet fraction is also shown as a function of jet pT in Fig. 4 for the pp case. Figure 5
shows the b-jet fraction as a function of pT in PbPb collisions. In both cases the data is shown
in black markers (solid circles) with statistical error bars and systematics uncertainties in yellow
boxes. The simulations for pp (PbPb) are obtained from pythia ( pythia + hydjet ) and are shown
with a red line. In both cases the simulations agree with data, with no dependence as a function
of jet pT .
The main systematic uncertainties arise from the estimation of the tagging eﬃciency, the
estimation of the charm-to-light ratio, the uncertainties in the template shape from the ﬁts, the
variation of the working point and the estimation of the jet energy scale. Some of the system-
atic uncertainties are calculated with data-driven methods which makes some of these quantities
dependent on the limited statistics of the pp sample.
b-jet RAA =
PbPb b-jet fraction
pp b-jet fraction
× Inclusive jet RAA (1)
The inclusive nuclear modiﬁcation factor RAA for b-jets is obtained with Eq. 1. The inclusive
jet RAA measured by CMS can be found in [7]. The b-jet RAA is found to be 0.48 ± 0.09 (stat.) ±
0.18 (syst.) for 100 < jet pT < 120 GeV/c. This results favors a scenario in which jets originating
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Figure 4: b-jet fraction as a function of jet pT in pp colli-
sions compared to a pythia simulation
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Figure 5: b-jet fraction as a function of jet pT in PbPb col-
lisions, compared to a pythia + hydjet simulation
from b-quarks exhibit the same parton energy loss as light jets, hence making the mass a lesser
factor in this pT regime.
6. Summary
The identiﬁcation of b-jets has been performed for the ﬁrst time in heavy-ion collisions. The
b-jet fraction has been found to be consistent with simulation as a function of jet pT for pp an
PbPb, also as a function of Npart for the PbPb case. The nuclear modiﬁcation factor for jets
originating from b-quarks agrees with the one measured for inclusive jets in the 100-120 GeV/c
transverse momentum regime.
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